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FIG. 5
FIG. 6

,(f—100
112
’ff-100
132
112

102
102

|724 |726
108

NS

"

-
108

108
™~
B
Hm
-
108

—\
122

)\
122

FOH
3 [f
106 106
Y NS
FOH
3 [f
100 106

(
128
{
128

-~
-~

116
116

110 110 ; 110
104
~

AT
118
110
104

104
~
110 110
104

104

104
~




U.S. Patent Aug. 5, 2014 Sheet 5 of 9 US 8.796.855 B2

’/—100
I 144 I 146 119
108

108

102

106

106

104

104

110 Ny 110 110




U.S. Patent Aug. 5, 2014 Sheet 6 of 9 US 8.796.855 B2

’(,_100

153
v
AT
146
108

102

|
144
——
108

0 ||ii142
106

FIG. 8

I
—
( O
— D
F
L -—
g
—
N|
L
—
%
oD o
cf) - pg—
-~ ~

.
104

4 ‘ii 136

110 110

104

AT
13

104




U.S. Patent Aug. 5, 2014 Sheet 7 of 9 US 8.796.855 B2

154

/100
|I ) I‘I )

108

102

108

106

FIG. 9

106

104

110 Ny 110 110

104

I[ I
‘134 136



U.S. Patent Aug. 5, 2014 Sheet 8 of 9 US 8.796.855 B2

g o0 o0 O ‘o
& M~ Lo L ~
\ -~ D -
o -
~r
<O -
h % ]
— n | s
A o
I —
o>
O o
- LD
~—
N
o
-1 -
I
-—
N | LS
o
] -
1:|'|
P,
~
I
Lap N
o -
—
N|
e
~—
&N
I
-—
I =
| -
~—

140
FIG. 10

170
L
106

150

168

138
|-148
110

104

136
110

104

164
134
110

104




US 8,796,855 B2

Sheet 9 of 9

Aug. 5, 2014

U.S. Patent

el OId

8Ll

A SS
AN
Uiy w 5181
82} n
2 ) || B8l
PCLl m m )
2 (e
Dt “\\\Nﬁw ON
1 v
4IRS 7 m 7| -8
i~ 8
27z 00y
o N~ 10gl

0L~

¢l DId

DT,
T >N
2~ -6tk
824} n
7z ) ) @8l
i) 1
) (e}~ 300
02424 Lo
1 U
0~ 2 mmm 7|82
o~ 8ULY

11 DId

m_‘:.‘ — S5

= N
611

3\
N

747

e~ .
b~ o B Z

—O V.
0Ll § Y qNols

AQRRNRRNRRT RN

s~z ||z || e
~__78elp
Z -Wln- adn
— ON

LL1

AN




US 8,796,855 B2

1

SEMICONDUCTOR DEVICES WITH
NONCONDUCTIVE VIAS

BACKGROUND

1. Field

This disclosure relates generally to semiconductor devices,
and more specifically, to semiconductor devices or integrated
circuits with nonconductive vias.

2. Related Art

With the advent of advanced pattern recognition software
that can extract schematics die layer photos of semiconductor
devices as layers of semiconductor devices are removed dur-
Ing reverse engineering processes, unauthorized copying,
production and sale of even the most complicated electric
circuit designs has become possible.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s 1llustrated by way of example and
1s not limited by the accompanying figures, in which like
references indicate similar elements. Elements 1n the figures
are 1llustrated for simplicity and clarity and have not neces-
sarily been drawn to scale.

FIGS. 1-10 show a semiconductor device during succes-
stve phases of manufacture i accordance with embodiments
of the present invention.

FIGS. 11-13 show examples of schematic and standard cell

diagrams for circuits in which nonconductive vias formed as
described for FIGS. 1-10 can be used.

DETAILED DESCRIPTION

Embodiments of devices and methods are disclosed herein
that intentionally retain very thin dielectric material at the
bottom or top of vias or contact holes to create nonconductive
vias that are difficult if not impossible to detect through
reverse engineering. The dielectric layer 1s removed when the
conductive and nonconductive vias are removed. The 1nabil-
ity to ascertain whether a via 1s intended to be conductive or
nonconductive can render program code for ROM memory
and circuits mnoperable 11 all vias (including vias intended to
be nonconductive vias) are implemented as conductive vias
when copying a reversed engineered electric device. For com-
plex die, large numbers of nonconductive vias can be used to
render reverse engineered devices moperable when vias that
are mtended to be nonconductive are actually conductive 1n
circuit designs that have been copied without permission or
authorization.

FIGS. 1-10 show a semiconductor device 100 during suc-
cessive phases of manufacture 1n accordance with embodi-
ments of the present mvention. In FIG. 1, semiconductor
device 100 1s shown after an intermediate phase of manufac-
ture during which doped regions 104, gate interconnects 106,
and doped regions 108 have been formed on and/or 1n semi-
conductor substrate 102. Substrate 102 (also referred to as “a
work piece”) can be any suitable semiconductor material or
combination of materials such as silicon, silicon on 1nsulator,
and/or gallium arsenide. Doped regions 104, 108 are electr-
cally conductive and may be further processed to include
silicided regions 110 formed of nickel, cobalt, or other suit-
able materials. Gate interconnects 106 are formed on the
surface of substrate 102 using electrically conductive poly-
silicon, silicided polysilicon, or metal material. Other fea-
tures, such as shallow trench 1solation (STI) regions, are not
shown but may be present. Gate interconnects 106 can be
tformed over the STI regions. The term “control terminal
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structure” as used herein for the gate of a transistor can
include not only the portion of a gate interconnect 106 over
the gate channel (not shown) but also the portion of the gate
interconnect 106 outside the channel as well.

Referring to FIG. 2, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which dielec-
tric layer 112 has been formed over substrate 102, doped
regions 104, 108, and gate interconnects 106. Dielectric layer
112 can be one or more layers of planarized material includ-
ing one or more layers of oxide(s), low-K dielectric(s), tetra-
cthyl-ortho-silicate (TEOS), and/or etch stop layer. Openings
114, 116, 118, 120, 122, 124, 126 are formed in dielectric
layer 112 over respective doped regions 104, 108 and gate
interconnects 106. Openings 114-126 can be formed by selec-
tively patterning and etching completely through dielectric
layer 112 to expose at least a portion of the tops of doped
regions 104, 108 and gate interconnects 106, or to the tops of
the silicide 110 formed on the doped regions 104, 108. Alter-
nate techniques for forming openings 114-126 can be used,
such as e-beam lithography, for example.

Referring to FIG. 3, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which dielec-
tric layer 128 1s conformally deposited over dielectric layer
112 and along the sidewalls and bottoms of openings 114-
126. Openings 114-126 are thus only partially filled with
dielectric layer 128. Dielectric layers 112, 128 can be formed
of the same or different dielectric material. For example, the
same or similar dielectric materials can be used to make the
presence of dielectric layer 128 more difficult to detect. As
another example, different dielectric materials can be used
where different etch properties are desired. Dielectric layer
128 1s thick enough to create an open circuit between con-
ductive features below selected ones of openings 114-126
(e.g., doped regions 104, 108 and gate interconnects 106 ) and
conductive features above (not shown in FIG. 3) openings
114-126, as further described herein. For example, dielectric
layer 128 canrange from 100 to 200 Angstroms thick, or other
thickness suificient to render conductive vias 1n selected ones
of openings 114-126 nonconductive with respect to conduc-
tive features 1n adjacent layers.

Referring to FIG. 4, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which a layer
ol photoresist material 130 1s deposited and patterned to
protect dielectric layer 128 1n locations where nonconductive
vias are desired. In the example shown 1n FIG. 4, photoresist
material 130 extends from between openings 116 and 118 to
between opemings 120 and 122 to protect opemings 118, 120,
while openings 114, 116, 122, 124, or 126 are not protected
by photoresist material 130.

Referring to FIG. 5, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which pho-
toresist layer 130 (FIG. 4) and portions of dielectric layer 128
that were not protected by photoresist layer 130 were
removed. In some embodiments, an anisotropic etch 1s used to
remove photoresist layer 130 and unprotected portions of
dielectric layer 128 so that dielectric layer 128 remains on the
sidewalls of openings 114, 116, 122, 124 and 126, and on the
sidewalls and bottoms of openings 118, 120. In other embodi-
ments, an etching process that removes dielectric layer 128
from the sidewalls and bottoms ofthe openings 114,116, 122,
124, 126 that are not protected by photoresist layer 130 can be
used.

Referring to FIG. 6, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which elec-
trically conductive {ill material 132 1s deposited over dielec-
tric layers 112, 128 and into openings 114-126. Fill material
132 can be a single layer of material or composed of a com-
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bination of a barrier material (not shown) and conductive fill
material 132. Barrier material can include titanium, titanium
nitride, and/or other suitable material(s). Fill material 132 can
include aluminum, tungsten, copper, and/or other suitable
conductive material(s).

Referring to FIG. 7, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which fill
material 132 (FIG. 6) and the portions of dielectric matenal
128 (FI1G. 6) overlying dielectric layer 112 are removed using
a planarization technique such as chemical mechanical pol-
1shing or other suitable technique. Conductive vias 134, 136,
142, 144, 146 are thus formed 1n respective openings 114,
116,122, 124,126 (FIG. 6) and nonconductive vias 138, 140
are formed inrespective openings 118, 120 (FIG. 6). Note that
dielectric material 148 between doping region 104 and non-
conductive via 138, and dielectric material 150 between gate
interconnect 106 and nonconductive via 140 effectively pre-
vent vias 138, 140 from conducting electricity between fea-
tures below vias 138, 140 (1.¢., doping region 104 and gate
interconnect 106) and above vias 138, 140 (not shown).

Referring to FIG. 8, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which a layer
ol photoresist 152 1s deposited and selectively patterned to
form an opening 153 over via 146. A top portion of the
clectrically conductive fill material 132 in via 146 1s removed
during an etchback process or other suitable process on fill
material 132 so that via 146 1s recessed from the top of
dielectric material 112 by a suitable amount, such as 100-200
Angstroms.

Referring to FIG. 9, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which dielec-
tric material 154 1s placed, such as by deposition and polish-
ing, over recessed via 146 to the top surface of dielectric layer
112. Dielectric material 154 performs a function similar to
dielectric material 148, 150, namely, to prevent via 146 from
conducting electric between features above (not shown) and
below (1.e., doping region 108) via 146. Via 146 1s now
considered a nonconductive via 146.

Referring to FIG. 10, semiconductor device 100 1s shown
alter a subsequent phase of manufacture during which 1nter-
connects 156 are formed over vias 134-146. Dielectric layer
158 1s deposited and patterned with openings over which a
second layer of dielectric material 160 1s conformally depos-
ited over dielectric layer 158 and along the sidewalls and at
the bottom of the openings. Dielectric layer 160 1s selectively
patterned and removed so that dielectric material 164, 162
remains over the bottom of selected openings 166, 172. Con-
ductive material 1s then deposited 1n the openings to form
conductive vias 168, 170, 174, 176, and nonconductive vias
166, 172. Dielectric material 162, 164 1s shown at the bottom
of the openings betweenrespective vias 172, 166 and adjacent
interconnects 156. Interconnects 178 are then formed over
vias 166-176. While FIG. 10 shows interconnects 178 made
through a subtractive etch process, for example conventional
aluminum wiring, alternate embodiments may include inter-
connects 178 made through damascene wiring process, for
example copper wiring.

Note that dielectric material 148, 150, 164, 162 are
included at the bottom of respective nonconductive vias 138,
140, 164,162 while dielectric material 154 1s placed at the top
of nonconductive via 154. The placement of dielectric mate-
rial 148, 150, 164, 162, 154 at different levels makes sample
preparation by lapping for retained dielectric detection very
difficult, 11 not 1mpossible. In other embodiments, surface
irregularities or unevenness can be intentionally formed to
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4

create retained dielectric material for nonconductive vias at
various intermediate levels to further inhibit detection of non-
conductive vias.

Additional layers of circuitry can be added to semiconduc-
tor device 100 including additional conductive and noncon-
ductive vias. In other embodiments, layers of circuitry includ-
ing nonconductive vias can be implemented 1n individual die
that are stacked over and connected to one another to provide
desired processing capability or functionality.

FIGS. 11-13 show examples of schematic and standard cell
diagrams for circuits in which nonconductive vias 138, 140,
164, 162 formed as described for semiconductor device 100
in FIGS. 1-10 can be used. Standard cells refer to combina-
tions of basic circuit elements that are connected to form
components such as logic gates routinely used 1n circuit
design. The standard cells may be selected through a user
interface of an electric circuit design system, and nonconduc-
tive vias can be used in the standard cells to provide the
desired circuit functionality. For the purposes of this applica-
tion, the term “via” includes conductive material coupling
two metal layers, such as a metal layer to active or active
silicide, or a metal layer to poly or poly silicide.

FIG. 11 shows a standard cell NAND gate 1100 and cor-
responding schematic diagram 1102 and trace diagram 1114.
Schematic diagram 1102 includes MOSFETs 1104, 1106,
1108, 1110. The gate of MOSFET 1104 1s coupled to the gate
of MOSFET 1110, and the gate of MOSFET 1106 1s coupled
to the gate of MOSFET 1108. The gates of MOSFETS 1108,
1110 are coupled to a signal layer. The source of MOSFET
1110 1s coupled to a power supply Vss and the drain of
MOSFET 1104 is coupled to the drains of MOSFETS 1106
and 1108. The sources of MOSFETs 1104 and 1106 are
coupled to apower supply Vdd. The source of MOSFET 1108
1s coupled to the drain of MOSFET 1110.

Layout diagram 1114 shows a top view of the layout of
active, poly regions 1122, 1124 and vias 1116, 1117, 1118,
1128 for NAND gate 1100 as implemented 1n a semiconduc-
tor device. The connecting signal layer for the internal nodes
of NAND gate 1100 1s not shown. Connecting structure 1119
1s connected between nonconductive via 1116, conductive via
1117, and nonconductive via 1118 through first active region
1122 and second active region 1124 to couple the gates of
MOSFETS 1104 and 1110 together to a signal layer. Con-
necting structure 1121 1s connected between first and second
active regions 1122, 1124 to couple the gates of MOSFETS
1106 and 1108 together. First active region 1122 includes
source/drain conductive vias 1128 for MOSFETS 1104 and
1106. Second active region 1122 includes source/drain con-
ductive vias 1128 for MOSFETS 1108, 1110.

FIG. 12 shows a standard cell logic “1”-generator circuit

1200 and corresponding schematic diagram 1202 and trace
diagram 1206. Schematic diagram 1202 includes MOSFETs

1104, 1106, 1108, 1110. The gate of MOSFET 1104 1s
coupled to the gate of MOSFET 1110, and the gate of MOS-
FET 1106 1s coupled to the gate of MOSFET 1108. The gate
of MOSFET 1108 1s coupled to a signal layer. The gate of
MOSFET 1110 1s coupled to Vss. The source of MOSFET 1s
1110 Coupled to a power supply Vss and the drain of MOS-
FET 1104 is coupled to the drains of MOSFETS 1106 and
1108. The sources of MOSFETs 1104 and 1106 are coupled
to a power supply Vdd. The source of MOSFET 1108 1s
coupled to the drain of MOSFET 1110.

Layout diagram 1206 shows a top view of the layout of
active regions 1122, 1124 and vias 1116, 1208, 1120, 1128,
1210 for logic “1”-generator circuit 1200 as implemented 1n
a semiconductor device. The connecting signal layer for the
internal nodes of logic “1”-generator circuit 1200 1s not
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shown. Structure 1219 1s connected over active regions 1122
and 1124 between nonconductive via 1116, active region
1122, nonconductive via 1208, second active region 1124,
and conductive via 1210 to couple the gates of MOSFETS
1104 and 1110 together to the power supply Vss. Connecting
structure 1121 1s connected between first and second active
regions 1122, 1124 to couple the gates of MOSFETS 1106

and 1108 together. First active region 1122 includes source/
drain conductive vias 1128 for MOSFETS 1104 and 1106.

Second active region 1122 includes source/drain conductive
vias 1128. for MOSFETS 1108, 1110.

FI1G. 13 shows a standard cell inverter gate 1300 and cor-
responding schematic diagram 1302 and layout diagram
1304. Schematic diagram 1302 includes MOSFETs 1104,
1106, 1108, 1110. The gate of MOSFET 1104 1s coupled to
the gate of MOSFET 1110, and the gate of MOSFET 1106 15
Coupled to the gate of MOSFET 1108. The gate of MOSFET
1108 1s coupled to a signal layer and the gate of MOSFET
1110 1s coupled to Vdd. The source of MOSFET 1104 1s
coupled to a power supply Vdd and the drain of MOSFET
1104 1s coupled to the drains of MOSFETS 1106 and 1108.
The source of MOSFET 1106 1s coupled to a power supply
Vdd. The source of MOSFET 1108 1s coupled to the drain of
MOSFET 1110. The source of MOSFET 1110 1s coupled to
power supply Vss.

Layout diagram 1302 shows a top view of the layout of
active regions 1122, 1124 and vias 1306, 1208, 1118, and
1128 for inverter gate 1300 as implemented 1n a semiconduc-
tor device. The connecting signal layer for the internal nodes
of mverter gate 1300 1s not shown. Structure 1319 1s con-
nected over active areas 1122 and 1124 between conductive
via 1306, nonconductive via 1208, and nonconductive via
1118 to couple the gates of MOSFETS 1104 and 1110
together to Vdd. Connecting structure 1121 1s connected
between first and second active regions 1122, 1124 to couple
the gates of MOSFETS 1106 and 1108 together. First active
region 1122 includes source/drain conductive vias 1128 for
MOSFETS 1104 and 1106. Second active region 1122
includes source/drain conductive vias 1128 for MOSFETS
1108, 1110.

Thus, as shown by the examples 1n FIGS. 11-13, various
types of circuits can be specified with standard cells through
selective use of nonconductive vias 1116, 1118, 1208. If the
standard cells have a similar topology except for the use of
conductive and nonconductive vias, 1t would be difficult to
ascertain a circuit’s functional topology during reverse engi-
neering since the dielectric material would be removed along,
with the via’s conductive material as layers of a device are
removed.

Nonconductive vias can be used to thwart attempts to
reverse engineer circuit designs by making 1t impossible to
distinguish conductive and nonconductive vias. If a via that 1s
meant to be nonconductive 1s implemented as a conductive
via, the resulting circuit will not function as intended or
desired. For example, the circuits in FIGS. 11, 12, and 13 can
be configured as a NAND gate, a logic “1”-generator, or an
inverter depending on which elements are implemented with
nonconductive vias. Nonconductive vias can be used in vari-
ous types of circuits including read-only memory designs,
analog circuits, as well as circuit design systems that use
standard cells.

By now 1t should be appreciated that in some embodi-
ments, a method of forming structures of an electric device
can comprise forming a dielectric layer 112 over a work piece
102, the work piece including a first conductive structure 110
and a second conductive structure 110; forming a first open-
ing 116 1n the dielectric layer to expose the first conductive
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structure and forming a second opening 118 in the dielectric
layer to expose the second conductive structure; forming a
third conductive structure 136 1n the first opening; forming a
fourth conductive structure 138 1n the second opening; form-
ing a dielectric structure 148 1n the second opening; and
forming a fifth conducive structure directly over the first
opening. The third conductive structure electrically connects
the first conductive structure to the fifth conductive structure.
The method can further include forming a sixth conductive
structure directly over the second opeming. The dielectric
structure can prevent the fourth conductive structure from
clectrically connecting the second conductive structure to the
s1xth conductive structure.

In another aspect, forming the dielectric structure can
include forming a second dielectric layer 128 over the dielec-
tric layer after the forming the first opening and the second
opening. The second dielectric layer can be formed 1n the first
opening and 1n the second opening. The method can include
selectively removing portions of the second dielectric layer.
The selectively removing removes at least a portion of the
second dielectric layer 1n the first opening to expose the first
conductive structure. The selectively removing leaves a sec-
ond portion 148 of the second dielectric layer 1n the second
opening. The dielectric structure can be at least a portion of
the second portion of the second dielectric layer.

In another aspect, the forming the third conductive struc-
ture and the forming the fourth conductive structure include
forming a layer of conductive fill material 132 over the dielec-
tric layer and in the first opening and 1n the second opening
alter the selectively removing portions of the second dielec-
tric layer.

In another aspect, the forming the third conductive struc-
ture and the fourth conductive structure can include forming
conductive fill maternal in the first opening and 1n the second
opening respectively. A portion of the conductive fill material
can be removed to reduce a height of the conductive fill
material 1n the second opeming. Conductive fill material 1s not
removed from the first opening when the conductive fill mate-
rial 1s removed from the second opening. Forming the dielec-
tric structure 154 can include forming a dielectric material in
the second opening over the conductive fill material in the
second opening aiter the portion of the conductive fill mate-
rial 1s removed to reduce the height of the conductive fill
material 1 the second opening.

In another aspect, forming the conductive fill material 132
in the first opening and in the second opeming can include
forming a layer of conductive fill material over the dielectric
layer and in the first opening and 1n the second opening.

In another aspect, the first conductive structure and the
second conductive structure can be characterized as a first
control terminal structure 106 and a second control terminal
structure for a first a first transistor and a second transistor,
respectively, of the work piece.

In another aspect, the fifth conductive structure and the
s1xth conductive structure can be characterized as a first con-
ductive interconnect and a second conductive interconnect,
respectively, of an interconnect layer of the electric device.

In another aspect, the first conductive structure and the
second conductive structure can be characterized as a first
conductive mterconnect and a second conductive intercon-
nect, respectively, of an interconnect layer of the electric
device.

In another aspect, the first conductive structure and the
second conductive structure can be characterized as a first

silicide structure 110 on a first doped well region of a sub-
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strate and second silicide structure 110 on a second doped
well region 106, respectively, of a semiconductor material of
the work piece.

In further embodiments, an electric device can comprise a
first conductive structure 110; a second conductive structure
110; a dielectric layer 112 over the first consecutive structure
and the second conductive structure; a third conductive struc-
ture 136 located over the dielectric layer; a fourth conductive
structure 138 located over the dielectric layer, a first via 136
extending from the first conductive structure to the third con-
ductive structure through the dielectric layer, the first via
including conductive material that electrically connects the
first connective structure and the third conductive structure. A
second via 138 extending from the second conductive struc-
ture to the fourth conductive structure though the dielectric
layer. The second via can include conductive material, the
second via can include a dielectric structure 148 that prevents
the conductive maternal of the second via from electrically
connecting the second conductive structure to the fourth con-
ductive structure.

In another aspect, the dielectric structure can include at
least a portion located under the conductive maternial of the
second via.

In another aspect, the dielectric structure 154 can include at
least a portion located over the conductive material of the
second via.

In another aspect, the first conductive structure 106 and the
second conductive structure can be characterized as a first
control terminal structure and a second control terminal struc-
ture for a first a first transistor and a second transistor, respec-
tively.

In another aspect, the third conductive structure and the
fourth conductive structure can be characterized as a first
conductive mterconnect and a second conductive 1ntercon-
nect, respectively, of an interconnect layer 156 of the electric
device.

In another aspect, the first conductive structure and the
second conductive structure can be characterized as a first
conductive mterconnect and a second conductive intercon-
nect, respectively, of an interconnect layer of the electric
device.

In another aspect, the first conductive structure 110 and the
second conductive structure 110 can be characterized as a first
s1licide structure on a first doped well region of a substrate
and second silicide structure on a second doped well region of
the substrate, respectively.

In other embodiments, an electric device can comprise a
first standard cell 1114 implementing a first circuit function,
and a second standard cell 1206 implementing a second cir-
cuit function, the second circuit function being different than
the first circuit function. The first standard cell can include a
first connector structure 1119 located over a substrate and two
transistors 1104,1110 implemented 1n the substrate. The sec-
ond standard cell can include a second connector structure
located over the substrate and two transistors 1104, 1110
implemented in the substrate. The first connector structure
and transistors of the first standard cell have an identical
layout as the second connector structure and transistors of the
second standard cell. The first standard cell can include a first
via 1117 and a second via 1118, the first via extends from the
first connector structure at a first location of the first connector
structure to a first conductive interconnect, the second via
extends from the first connector structure at a second location
of the first connector structure to a second conductive inter-
connect. The first via can include electrically conductive
material electrically connecting the first connector structure
to the first conductive interconnect. The second via can
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include conductive material and a first dielectric structure.
The first dielectric structure prevents the conductive material
of the second via from electrically connecting the first con-

nector structure to the second conductive interconnect. The
second standard cell can include a third via 1210 and a fourth
via 1208, the third via extends from the second connector
structure at a third location of the second connector structure
to a third conductive interconnect, the fourth via extends from
the second connector structure at a fourth location of the
second connector structure to a fourth conductive intercon-
nect. The third via can include electrically conductive mate-
rial electrically connecting the second connector structure to
the third conductive iterconnect. The fourth via can include
conductive material and a second dielectric structure. The
second dielectric structure prevents the conductive material
of the fourth via from electrically connecting the second
connector structure to the fourth conductive interconnect.
The first location of the first standard cell corresponds to the
fourth location of the second standard cell and the second
location of the first standard cell corresponds to the third
location of the second standard cell.

In another aspect, the first connector structure can be char-
acterized a control terminal structure that serves as a control
terminal for the two transistors of the first standard cell. The
second connector structure can be characterized a control
terminal structure that serves as a control terminal for the two
transistors of the second standard cell.

In another aspect, a layout of the transistors of the first
standard cell can be 1dentical to a layout of the transistors of
the second standard cell.

In another aspect, the second conductive interconnect can
be electrically coupled the third conductive interconnect.

Because the apparatus implementing the present disclosure
1s, Tor the most part, composed of electric components and
circuits known to those skilled in the art, circuit details will
not be explained 1n any greater extent than that considered
necessary as 1llustrated above, for the understanding and
appreciation of the underlying concepts of the present disclo-
sure and 1n order not to obfuscate or distract from the teach-
ings of the present disclosure.

Moreover, the terms “front,” “back,” *“top,” “bottom,”
“over,” “under” and the like in the description and in the
claims, if any, are used for descriptive purposes and not nec-
essarilly for describing permanent relative positions. It 1s
understood that the terms so used are interchangeable under
appropriate circumstances such that the embodiments of the
disclosure described herein are, for example, capable of
operation 1n other orientations than those 1llustrated or other-
wise described herein.

Although the disclosure 1s described herein with reference
to specific embodiments, various modifications and changes
can be made without departing from the scope of the present
disclosure as set forth 1n the claims below. Accordingly, the
specification and figures are to be regarded 1n an illustrative
rather than a restrictive sense, and all such modifications are
intended to be included within the scope of the present dis-
closure. Any benefits, advantages, or solutions to problems
that are described herein with regard to specific embodiments
are not intended to be construed as a critical, required, or
essential feature or element of any or all the claims.

The semiconductor substrate used in with the semiconduc-
tor device disclosed herein can be any semiconductor mate-
rial or combinations of materials, such as gallium arsenide,
silicon germanium, silicon-on-insulator (SOI), silicon,
monocrystalline silicon, the like, and combinations of the
above.
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Furthermore, the terms “a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introductory
phrases such as “at least one” and “one or more™ 1n the claims

should not be construed to imply that the itroduction of

another claim element by the indefinite articles “a” or “an”

limits any particular claim containing such introduced claim
clement to disclosures containing only one such element,
even when the same claim includes the introductory phrases
“one or more” or “at least one” and indefinite articles such as

Y -

a’” or “an.” The same holds true for the use of definite articles.
Unless stated otherwise, terms such as “first” and “second”
are used to arbitrarily distinguish between the elements such
terms describe. Thus, these terms are not necessarily intended
to indicate temporal or other prioritization of such elements.

What 1s claimed 1s:

1. An electric device comprising:

a first conductive structure;

a second conductive structure;

a dielectric layer over the first conductive structure and the
second conductive structure;

a third conductive structure located over the dielectric
layer;

a fourth conductive structure located over and in direct
contact with the dielectric layer,

a first via extending from the first conductive structure to
the third conductive structure through the dielectric
layer, the first via including conductive material that
clectrically connects the first connective structure and
the third conductive structure:

a second via extending from the second conductive struc-
ture to the fourth conductive structure though the dielec-
tric layer, wherein the second via includes conductive
material, the second via includes a dielectric structure
that prevents the conductive matenial of the second via
from electrically connecting the second conductive
structure to the fourth conductive structure, further
wherein the first conductive structure and the second
conductive structure are characterized as a first control
terminal structure and a second control terminal struc-
ture for a first a first transistor and a second transistor,
respectively; and a doped region under each of the first
and second conductive structures.

2. The electric device of claim 1 wherein the dielectric
structure includes at least a portion located under the conduc-
tive material of the second via.

3. The electric device of claim 1 wherein the dielectric
structure 1ncludes at least a portion located over the conduc-
tive material of the second via.

4. The electric device of claim 1 wherein the third conduc-
tive structure and the fourth conductive structure are charac-
terized as a first conductive interconnect and a second con-
ductive interconnect, respectively, of an interconnect layer of
the electric device.

5. The electric device of claim 1 wherein the first conduc-
tive structure and the second conductive structure are charac-
terized as a first conductive interconnect and a second con-
ductive interconnect, respectively, of an interconnect layer of
the electric device.

6. The electric device of claim 1 wherein the first conduc-
tive structure and the second conductive structure are charac-
terized as a first silicide structure on a first doped well region
of a substrate and second silicide structure on a second doped
well region of the substrate, respectively.

7. An electric device comprising:

a first standard cell implementing a first circuit function,
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a second standard cell implementing a second circuit func-
tion, the second circuit function being different than the
first circuit function;

wherein the first standard cell includes a first connector
structure located over a substrate and two transistors
implemented 1n the substrate;

wherein the second standard cell includes a second con-
nector structure located over the substrate and two tran-
sistors implemented in the substrate;

wherein the first connector structure and transistors of the
first standard cell have an 1dentical layout as the second
connector structure and transistors of the second stan-
dard cell;

wherein the first standard cell includes a first via and a
second via, the first via extends from the first connector
structure at a first location of the first connector structure
to a first conductive interconnect, the second via extends
from the first connector structure at a second location of
the first connector structure to a second conductive inter-
connect, wherein the first via includes electrically con-
ductive matenal electrically connecting the first connec-
tor structure to the first conductive interconnect, wherein
the second via includes conductive material and a first
dielectric structure, wherein the first dielectric structure
prevents the conductive material of the second via from
clectrically connecting the first connector structure to
the second conductive interconnect;

wherein the second standard cell includes a third via and a
fourth via, the third via extends from the second connec-
tor structure at a third location of the second connector
structure to a third conductive interconnect, the fourth
via extends from the second connector structure at a
fourth location of the second connector structure to a
fourth conductive interconnect, wherein the third via
includes electrically conductive maternial electrically
connecting the second connector structure to the third
conductive interconnect, wherein the fourth via includes
conductive material and a second dielectric structure,
wherein the second dielectric structure prevents the con-
ductive material of the fourth via from electrically con-
necting the second connector structure to the fourth con-
ductive interconnect; and

wherein the first location of the first standard cell corre-
sponds to the fourth location of the second standard cell
and the second location of the first standard cell corre-
sponds to the third location of the second standard cell.

8. The electric device of claim 7 wherein:

the first connector structure 1s characterized a control ter-
minal structure that serves as a control terminal for the
two transistors of the first standard cell; and

the second connector structure 1s characterized a control
terminal structure that serves as a control terminal for the
two transistors of the second standard cell.

9. The electric device of claim 7 wherein a layout of the
transistors of the first standard cell 1s 1dentical to a layout of
the transistors of the second standard cell.

10. The electric device of claim 7 wherein the second
conductive interconnect 1s electrically coupled the third con-
ductive 1interconnect.

11. An electric device comprising:

a dielectric layer formed over a work piece, the work piece
including a first conductive structure and a second con-
ductive structure; and a doped region under each of the
first and second conductive structures;
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a first opening formed 1n the dielectric layer to expose the
first conductive structure and a second opening in the
dielectric layer to expose the second conductive struc-
ture;

a third conductive structure formed 1n the first opening;

a fourth conductive structure formed 1n the second open-
Ing;

a dielectric structure formed in the second opening,
wherein the dielectric structure 1s i direct contact with
the dielectric layer;

a fifth conductive structure formed directly over the first
opening, wherein the third conductive structure electr-
cally connects the first conductive structure to the fifth
conductive structure; and

a sixth conductive structure formed directly over the sec-
ond opening, wherein the dielectric structure prevents
the fourth conductive structure from electrically con-
necting the second conductive structure to the sixth con-
ductive structure, wherein the first conductive structure
and the second conductive structure are characterized as
a first silicide structure on a first doped well region of a
substrate and second silicide structure on a second
doped well region, respectively, of a semiconductor
material of the work piece, and the first conductive struc-
ture and the second conductive structure are character-
1zed as a first control terminal structure and a second
control terminal structure for a first a first transistor and
a second transistor, respectively, of the work piece.

12. The device of claim 11 wherein the dielectric structure

includes a second dielectric layer formed over the dielectric
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layer, wherein the second dielectric layer 1s formed 1n the first
opening and 1n the second opening.

13. The device of claim 12 wherein the third conductive
structure and the fourth conductive structure include a layer
of conductive fill material over the dielectric layer and 1n the
first openming and 1n the second opening.

14. The device of claim 11 wherein the third conductive
structure and the fourth conductive structure include conduc-
tive fill material 1n the first opening and 1n the second opening
respectively, wheremn the dielectric structure includes a
dielectric material 1n the second opening over the conductive
{11l material 1n the second opening.

15. The device of claim 14 wherein the conductive fill
material 1n the first opeming and in the second opening
includes a layer of conductive fill material formed over the
dielectric layer and 1n the first opening and in the second
opening.

16. The device of claim 11 wherein the fifth conductive
structure and the sixth conductive structure are characterized
as a first conductive interconnect and a second conductive

interconnect, respectively, of an interconnect layer of the
electric device.

17. The device of claim 11 wherein the first conductive
structure and the second conductive structure are character-
17zed as a first conductive interconnect and a second conduc-
tive interconnect, respectively, of an interconnect layer of the
electric device.
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